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ABSTRACT OF THE DISCLOSURE 

There is provided a dispersion compensating fiber 
comprising a center core in which a first dopant is doped 
5 substantially uniformly, an outer core provided at the outer 
periphery of the center core, in which the first dopant is doped 
so as to decrease gmdually toward the outer periphery, and 
a clad provided at the outer periphery of the outer core, in 
which a second dopant is doped. The second dopant of the outer 
10 core is doped so that the viscosity on at least the outer 
periphery side of tho guter core is substantially equal to the 
Viscosity of the clad. 
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DISPERSION COMPENSATING PIBER 



BACKGROOND OF THE INVENTION 

ritll^ fchft InvcntlQa 
5 The preaent invention relatea to a diaperalon 

compenaating fiber used for a diaperaion copenaator. in 
particular, a diaperalon copenaator of a 1.55 u m waveband- 

Pflflcr^pt^ion of Prior Art 

Along with the recent technical innovations, a light 

10 amplifier of a 1.55 U m waveband uaing an erbium doped fiber 
haa been uaed practically, and ita application to the 
diatribution ayatema for an optical CATV etc. and the 
long-diatanco high-capacity tranamiaaion haa been receiving 
attention. Accordingly, a demand for performing high-apeed 

15 trfiinamiaaion at a 1.55 u m waveband by uaing an exiating 1.3 
U^Ti optical Lranamiaaion ayatem haa increaaed. However, a 
standard 1.3 Mm aingle mode fiber, which haa a positive 
wavelength disperaion of about 17 pa/nm/km at a wavelength 
oC 1.55 urn, requires a means for compensating the dispersion. 

20 At present , a method for canceling disperaion by inserting 

an optical fiber having a negative wavelength dispersion which 
haa an inverae sign of the aforesaid poaitive wavelength 
disperaion, that ia. a dispersion compensating fiber into the 
exiating 1.3 U m tranamiaaion ayatem haa been proposed aa one 

25 of the moat promising compensating means, 

A conventional diaperalon compenaating fiber compriaea 
a center core in which germanium dioxide (GeO,) ia doped 
aubstantially uniformly (in other words, which has a 
substantially uniform difference in specific refractive 

30 index) , an outer core provided at the periphery of the center 
core, in which GeO, is doped so as to decrease gradually toward 
the outer periphery (in other words, whose difference in 
specific refractive index decreases gradually toward the outer 
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porip^^ory), and a clad provided at the periphery of the outer 
core. In which fluorine (F) is doped. 

For one example of such dispersion compensating fibers, 
FIG. 4 shows the dopant concentration in the radial direction 
as a difference in specific refractive index in which the 
refractive index of silica glass is a reference (hereinafter 
referred simply to as a difference in specific refractive 
index), and FIG. 5 shows the di *i tribution of difference in 
specific refractive index in the radial direction. 

For the aforementioned dispersion compensating fiber, 
the center core has a difference in specific refractive index 
A [Geo,] of ♦l.si. and the clad has a difference in specific 
refractive index A(FIof -0.4%. Therefore, the difference in 
specific rofractivo index A between the center core and the 
clad la 2.2%. The difference in specific refractive index A 
[Geo J of the outer core la almost the same as that of the center 
core at the interface with the center core and almost the same 
as that of the clad at the interface with the clad. 

It is preferable in view of an insertion space and other 
problems that a dispersion compensating fiber inserted into 
the existing 1.3 um transmission system be as short as 
possible . Accordingly, the need for a dispersion compensating 
fiber having a large negative wavelength dispersion as per 
length has increased. 

In general, the dispersion compensating fiber can 
increase the negative wavelength dispersion by increasing the 
difference in specific refractive index A between the center 
core and the clad. Also, the dispersion compensating fiber 
has an outer core in which the specific refractive index 
decreases gradually toward the outer periphery. For this 
reason, the dispersion compensating fiber has no problem of 
the increase in structural defect loss caused when the 
difference in specific refractive index between the core and 
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the clad is increased in the ordinary optical fiber. 

Since the refractive index of the outer core is decreased 
gradually toward the outer periphery in the aforementioned 
dispersion compensating fiber, however, a portion having a 
5 lower viscosity than that of the clad is produced in the outer 
core in the drawing process. As a result, the aforementioned 
dispersion compensating fiber has a disadvantage that tensions 
are concentrated at that portion and residual stresses are 
generated so that a polarization mode dispersion is produced* 
10 and therefore it Is not pultable for practical use. This 
polarization mode dispersion has no adverse effect when the 
dispersion compensating fiber is used for the ordinary systems , 
but it is attributable to an increase in composite second order 
when it transmits analog picture signals for optical CATV, etc. 
15 When the composite second order increases, there arise 

problems of an increase in bit error rate and generation of 
polarization dispersion loss (PDL). Therefore, the 
dovelopment of a dispersion compensating fiber which does not 
produce composite second order, that is, which has no 
20 polarization mode dispersion and has a large negative 

wavelength dispersion with a short length has been urged. 

SUMMARY OF THS INVENTION 
An object of the present invention is to provide^ a 
diapersion compensating fiber which producec no polarization 
mode dispersion and has a large negative wavelength dispersion 
with a short length. 

To achieve the above object, the present invention 
provides a dispersion compensating fiber comprising a center 
core in which a first dopant is doped substantially uniformly, 
an outer core provided at tha outer periphery of the center 
core, in which the first dopant is doped so as to decrease 
gradually toward the outer periphery, and a clad provided at 
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th« outer periphery of the outer core. In which a second dopant 
la doped, the second dopant of the outer core is doped ao that 
the vlacoalty on at least the outer periphery side of the outer 
core Is substantially equal to the viscosity of the clad. 

Preferably, the first and second dopants are germanium 
dioxide and fluorine, respectively. 

In the piesent invention, in order to avoid a problem of 
the increase in structural defect loss, the difference in 
specific refractive index between the center core and the clad, 
which substantially determines the magnitude of the negative 
wavelength dispersion, la made large, whereby the reflective 
Index of the outer core la gradually decreased toward the outer 
periphery. In this case, a portion having a lower viscosity 
than that of the clad is not produced in the outer core of the 
dispersion compensating fiber In the drawing process, so that 
tensions do not concentrate at this portion, and residual 
stresses are not generated. Therefore, the manufactured 
dispersion compensating fiber has no possibility of generating 
a polarization mode dispersion caused by the above -described 
reason, and in turn a composite second order. 

The above and other objects, features, and advantages of 
the present invention will be more apparent in the following 
detailed description with reference to the accompanying 
drawings . 



FIG. 1 is a perspective view of a dispersion compensatir* 
fiber in accordance with the present invention; 

FIG. 2 is a dopant concentration distribution view showing 
dopant concentrations in the radial direction of the dispersion 
compensating fiber in accordance with the present invention 
as a difference in specific refractive index in which the 
refractive index of silica glass is the referencei 
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FIG. 3 is a distribution view for difference in specific 
refractive index showing dif f ere.nces in specific refractive 
index in the redieX direction of the dispersion compensating 
fiber in accordance with the present invention; 
5 FIG, 4 is a dopant concentration distribution view showing 

dopant concentrations in the radiai direction of the dispersion 
compensating fiber in accordance with the comparative example 
as a difference in specific refractive index in which the 
refractive index of silica glass is the reference; and 
10 FIG, 5 is a distribution view for difference in specific 

refractive index showing differences in specific refractive 
index in the radial direction of the dispersion compensating 
fiber in accordance with the comparative example. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the present invention will be described 
in detail with reference to the drawings. 

As shown in FIG. 1, a dispersion compensating fiber 
comprises a center core 1 which has a substantially uniform 

20 difference in specific refractive index, an outer core 2 

provided at the periphery of the center core 1 , whose difference 
in specific refractive index decreases gradually toward the 
outer periphery, and a clad 3 provided at the periphery of the 
outer core 2, in which fluorine is doped. 

25 The dispersion compensating fiber has a dopant 

concentration and difference in specific refractive index 
shown in FIGS. 2 and 3. respectively, in the radial direction. 
FIG, 2 shows dopant concentrations In the radial direction aa 
a difference in specific refractive index in which the 

30 refractive index of silica glass is the referenc^i. and FIG. 
3 shows differences in specific refractive index in the radial 
direction. In the figures, reference numeral 5 denotos a 
portion corresponding to the center core 1. 6 denotes a portion 



corraaponding to the outer core 2« and 7 denotes a portion 
corresponding to the clad 3. These are true in FIGS, A and 
5 as well. 

The aforementioned dispersion compensating fiber was 
manufactured in the followinq way. First, a GeO, doped silica 
porous base material, which constitutes the center core and 
the outer core, was manufactured by the VAO method. It is so 
far Known that the dope amount of fluorine changes depending 
on the soot density when the silica porous base material is 
sintered in the SiF^ atmosphere. In manufacturing the silica 
porous base material* therefore, control was carried out so 
that the soot density at the portion corresponding to the outer 
core decreases toward the outside in the radial direction by 
controlling the burner position, oxygen gas quantity, hydrogen 
gas quantity, etc. By dehydrating and sintering the porous 
base material thus manufactured under the conditions given in 
Table 1, a core rod in which an outer core is formed outside 
a center core was obtained. 



Table 1 





Atmosphere 






Temp . 


Insertion 
speed 


Dehydration 


He gas to which 


2 


volt 


looot: 


4 mm/min 




CI, is added 










Sintering 


He gas to which 


4 


volt 


i4oox: 


4 om/min 




SiF, and 1 volt 


CI 










added 











Next* the core rod was extended into an outside diametar 
of 12 mm. and hydrofluoric acid etching was applied to the 



4 



7 



surface thereof. After that, a clad consisting of fluorine 
doped silica glass of A [F] - -0.41 was formed at the periphery 
by the externally attaching method to manufacture a porous base 
material for optical fiber. By dehydrating and sintering the 
5 porous base material for optical fiber under the conditions 
given in Table 2, an optical fiber base material uras obtained. 



Table 2 







Atmosphere 


Temp. 


Insertion 
speed 


Dehydration 


He gas 


to which 2 volt 


looox; 


4 mm/min 




CI, is 


added 






Sintering 


He gas 


to which 12.7 volt 


i4oot: - 


4 mm/min 




SiF, is 


added 







The resultant optical fiber base material has a difference 
20 in specific refractive index distribution as shown in FIG. 3, 
The dopant concentration is as shown in FIG. 2. As seen from 
the fi':-*re, the difference in specific refractive index A 
[GeOJ of the center core 1 is >2 .Ot , thedifferer.ee in specific 
refractive index A[P] of the clad 3 is -0.2t, the difference 
25 in specific refractive index A[GeO,] at the outer periphery 
of the outer core 2 is -^O.St, and the difference in specific 
refractive index A[FI at the inner periphery of the clad 3 
is -0.3t. It is found that both of GeO, and F reduce the 
viscosity of silica glass. If GeO, and P are doped so that the 
30 differences in specific refractive index at the outer periphery 
of the outer core 2 and the inner periphery of the clad 3 ensures 
the relationship of A(GeOJ/A(FI « -3« the viscosity of the 
outer core 2 and clad 3 becomes equal In the drawing process 
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of optical fiber. That is to say. if the equal eunounts of GeO, 
and r in difference in specific refractive index are added to 
silica glass, P reduces the viscosity of silica glass by a 
factor of three over GeO|. The contributions of GeO, and F to 
5 the difference in specific refractive index in each core. ^ 
(Geo,] and A(F]« were determined by comparing the refractive 
index distribution of an optical fiber material obtained by 
sintering, in an atmosphere containing no SiF^* the porous base 
material for optical fiber manufactured under the same 

10 conditions as those described above. 

A dispersion compensating fiber was dravm from the optical 
fiber base material thus manufactured, and a coating layer of 
ultraviolet curing type resin was immediately applied. Thus, 
three dispersion compensating fibers with an outer core 

15 diameter of 2.5 u m, a clad diameter of 125 U m, a coating 
diameter of 240 u m, and a length of about 10 lun were 
manufactured. The polarization mode dispersions of the 
manufactured dispersion compensating fibers were measured by 
Jones matrix method, with the rrssult of 0.089 pe/km"*", 0.123 

20 ps/km*^'\ and 0,108 ps/km"*'*, all of them being approximately 
0.1 ps/km"*''. These values are equivalent to the polarization 
mode dispersion (0.099 ps/km'^'M of a standard 1.3 Urn single 
mode fiber. 

As a comparative example, three conventional dispersion 
25 compensating fibers were manufactured, which comprisea a 
center core portion 5 in which GeO, is doped substantially 
uniformly in the radial direction, an outer core portion 6 
provided at the outer periphery of the center core portion 5, 
in which Geo, is doped so as to decrease gradually toward the 
30 outer periphery, and a clad portion 7 provided at the outer 
periphery of the outer core portion 6, in which fluorine \b 
doped, as shown in FIG. 4. The difference in specific 
refractive index A (GeO,] of the center core portion 5 was ^1 . 8%» 
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and Che differenca in specific refractive Index A[F1 of the 
clad portion 7 was -0,4%. Therefore, the difference in 
specific refractive index A between these portions 5 and 7 was 
2.2%, Its distribution of refractive index was as shown in 
5 FIG. 5, being almost the same as the distribution of refractive 
index of the dispersion compensating fiber manufactured in the 
working example shown in FIG. 3. 

The polarization mode dispersions of the dispersion 
compensating fibers thus obtained were measured by Jones matrix 
10 method, with the result of 0.790 ps/Rm *'', 0.420 pa/km**'\ and 
0 . 334 ps/kjn*^'' . These values were considerably larger than the 
polarization mode dispersion ( 0 . 09 9 p3/)cm'*'* ) of a standard 1.3 
u m single mode fiber. 
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WHAT IS CLAIMED ISs 

1. A dispersion compensating fiber comprising a center 
core in which a first dopant is doped substantially uniformly, 
an outer core provided at the outer periphery o£ said center 
cora, in which said first dopant is doped so as to decrease 
gradually toward the outer periphery, and a clad provided at 
the outer periphery of «iaid outer core, in which a second dopant 
is doped, 

characterized in that, said second dopant of said outer 
core is doped so that the viscosity on at least the outer 
periphery side of said outer core is substantially equal to 
the viscosity of said clad. 

2. A dispersion compensating fiber according to claim 1, 
wherein said first dopant is germanium dioxide. 

3. A dispersion compensating fiber according to claim 1, 
wherein said second dopant is fluorine. 
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